Introduction
A quarter of the population of England are obese (body mass index BMI >30) 1 and morbid obesity (BMI >40) is increasingly common. 2, 3 In a recent meta-analysis, the prevalence of obesity and morbid obesity among intensive care patients was estimated at 9-26%, and 1-7% respectively. 4 The high incidence of comorbid disease, anatomical difficulties and altered physiology can make the intensive care management of these patients challenging. 5 Correct positioning of a tracheostomy tube is one such challenge, with the potential for the rapid development of life-threatening complications if tube displacement occurs. 6 
Case report
A 51-year-old male patient with morbid obesity (BMI 52) was found collapsed by his relative on the floor at home and was transferred immediately to the hospital via ambulance. Past medical history included type II diabetes mellitus, obstructive sleep apnoea, recurrent abscesses in the groin and axillae, previous smoking history and high alcohol intake.
On arrival at hospital, arterial blood gas analysis demonstrated a severe metabolic acidosis; inflammatory markers were raised and on examination there were extensive cellulitic and necrotic skin lesions in the groin and perineum consistent with necrotising fasciitis. After resuscitation, he was taken to the operating theatre for debridement. General anaesthesia was administered and he was intubated with a Portex ® size 8.0 oral, cuffed endotracheal (ET) tube. Direct laryngoscopy revealed a Cormack and Lehane grade IIb view of the larynx. A large area of necrotic tissue was debrided from the left side of the groin. He remained intubated and was transferred to the intensive care unit (ICU).
Over the ensuing days, he was stabilised. Antibiotic treatment was continued and his groin wounds were reviewed daily. On day 15, a surgical tracheostomy was performed in theatre to assist weaning from sedation and the ventilator. A size 8.0 Portex ® Blue Line ® adjustable flange tracheostomy tube (Figure 1) was inserted by the Ear Nose and Throat (ENT) surgical team. During the first night after insertion of the tracheostomy, the patient suffered several periods of desaturation, which resolved with slight adjustments to the tracheostomy tube position. It was noted that an intermittent leak was present around the tracheostomy tube cuff. A bronchoscopy was performed through the tracheostomy tube and only the tip of the tracheostomy tube was found to be within the trachea, with the tube cuff presumably in the pretracheal space. The adjustable flange was already set to the maximum available length (105 mm).
The ENT surgical team was consulted. Consideration was given to change of the tracheostomy tube to a Portex ® Blue Line ® size 9.0 adjustable flange tube, however this would only
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The rising prevalence of morbidly obese patients presents unique challenges to the intensivist, including management of the airway. We present a case where commercially available tracheostomy tubes were of insufficient length due to the patient's body habitus, with potentially disastrous consequences. As a solution, an endotracheal tube was used as the tracheostomy tube to provide sufficient length for correct positioning and to enable weaning from mechanical ventilation. The adjustable flange from a tracheostomy kit was used to secure the tube in position. Our case illustrates one possible solution to the problem of tracheostomy tube positioning in morbidly obese patients. have afforded an extra 5 mm of length. Concern was also raised that placement of a larger diameter tube through the existing stoma would be technically difficult. Due to the difficult view at direct laryngoscopy, a solution was required to prevent loss of the airway with potentially disastrous consequences. It was decided that a Portex © size 8.0 oral ET tube should be placed through the tracheostomy tract to allow sufficient length for correct positioning in the trachea.
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On the ICU, a bougie and pre-loaded ET tube were placed in the upper airway, just through the vocal chords, to allow intubation from above, in view of the potential for rapid desaturation if the airway was lost. The exchange was performed by placing a bougie through the existing tracheostomy tube, removing the tracheostomy tube, then railroading the shortened ET tube over the bougie. Final positioning of the tube tip, 25 mm above the carina, was confirmed via fibreoptic bronchoscopy. The adjustable flange, from a size 8.0 Portex ® Blue Line ® tracheostomy kit, was used to secure the new tube in place (Figures 2 and 3) . The final flange position was at 17.5 cm (175 mm) from the tube tip. The tube was cut to a total length of 22 cm before insertion to ensure easy manipulation when in situ and reduce the risk of displacement.
Weaning from sedation and the ventilator proceeded thereafter. The patient received antibiotic therapy for ventilator-associated pneumonia and insulin therapy to maintain normoglycaemia. His large groin wound required regular dressing changes and review by the surgical team. There were no further problems with tracheostomy tube patency or positioning following the change, and he was successfully decannulated after a prolonged respiratory wean, on day 50 of his admission.
Discussion
In the century since Chevalier Jackson 7 published his refinement of the procedure, tracheostomy has become an increasingly common intervention. In the 1950s 8 and 1960s 9 percutaneous techniques were reported that have increasingly been employed on ICUs to aid weaning from mechanical ventilation. Tracheostomy presents several advantages over endotracheal intubation, including lower airway resistance, reduced dead space, easier suctioning and greater patient comfort. 10 In the normal state, the trachea is free to slide in the cephalo-caudal direction with great variability in orientation, depending on the position of the neck and body habitus. This becomes important when attempting tracheostomy in the obese patient where the trachea may reside almost entirely within the bony thorax. 11 Excess adipose tissue in the obese also increases the distance from skin to trachea (the stomal length) increasing the technical difficulty of tracheostomy insertion and the length of tube required for correct positioning. The incidence of tracheostomy-related complications in obese patients compared to control groups has been shown to be high. [12] [13] [14] Functional residual capacity decreases exponentially with increasing BMI; 15 as a consequence, tube displacement in the ventilated obese patient can lead to rapid hypoxaemia. 16 Attempts to reinsert the tracheostomy may result in tube misplacement in the pretracheal fascia with resultant tracheal compression and respiratory arrest.
There is little evidence on what the optimal tracheostomy tube length should be in morbidly obese patients. Mallick and colleagues measured the distance from skin to anterior tracheal wall and carina to tip of tracheostomy tube in 50 non-obese patients and concluded that even in this cohort, standard length tracheostomy tubes are frequently too short. 17 Diverse techniques to secure the airway in the obese patient undergoing tracheostomy have been published. Equipment, including the use of an adjustable length tube, 18 a reinforced laryngectomy tube with flanges from a tracheostomy tube, 19 and replacing a cuffed tube with a metal tracheostomy tube 12 have all been advocated. Surgical techniques include performing a Björk flap 20 or a cervical lipectomy. 21 The modification of an ET tube for use as a tracheostomy tube has been previously described. 22, 23 A non-armoured ET tube is preferable in this context so that it can be cut to an appropriate length. The exit point of the pilot balloon at 20 cm on the ET tube limits the length at which the proximal portion of the ET tube can be cut. Capuano and Ferrara' s technique 22 involves actually cutting the pilot balloon tubing and then rejoining it over a needle. This is prone to failure and cuff leak. Pothier' s technique 23 of using the Portex ® adjustable flange from a Blue Line ® tracheostomy kit of the same ID, worked well as a method to secure the tube in our case. Drawbacks of the shortened ET tube include the absence of a removable inner cannula, and the bevelled tip of the ET tube, which may represent a less comfortable option for the patient than the standard, flat tracheostomy tip. Care should be taken to ensure that closed-circuit suction systems, if used, are long enough to exit the end of the tube.
Case reports
Clear documentation and communication of the airway device used and what to do if it comes out is essential in cases with a difficult or unusual airway. Potential responders to an airway problem should be briefed so that they can react rapidly and safely. Airway alert and bed-head signs should be used to communicate relevant information about the patient' s airway to first responders in the event of a problem. The National Tracheostomy Safety Project 24 has a selection of excellent templates that can be downloaded and adapted for local use. Spare tracheostomy and ET tubes should be kept at the bedside at all times while the patient is mechanically ventilated.
The shortened ET tube worked well as a tracheostomy tube in our patient, however a commercially produced tracheostomy tube with flattened tip, inner cannula and adjustable flange would have been preferable. A variety of adjustable-flange and extended-length tracheostomy tubes are commercially available ( Table 1) . [25] [26] [27] [28] At the time of writing, none are of a length comparable to the tube we used for our patient, and many are supplied without a removable inner cannula. This has been fed back to our local industry representative (Smiths Medical).
It can be difficult to choose the appropriate size tracheostomy tube for a given patient. Too often the size and length of a tracheostomy tube is chosen based on guesswork and experience rather than on exact measurements. Fibreoptic bronchoscopy is recommended to check the position of a tracheostomy tube after it has been inserted. 29 Patients undergo the procedure in the supine position with head extended -not the position in which they spend the rest of their time in intensive care. It is preferable to check the tracheostomy tube position when the patient is sat up at 30 degrees with the head in the neutral position, before the ENT team leave theatre.
Institutions caring for this growing population of patients should ensure that they have access to longer tracheostomy tubes and that they plan for such cases. As a minimum, it is sensible to stock a tube with an adjustable flange and a length greater than 120 mm (eg Portex ® Uniperc ™ , Rusch ® Extra Tracheoflex, Tracoe ® Vario XL). We describe the technique of using a shortened ET tube as a useful measure where existing tubes are too short. Certain manufacturers now offer a bespoke service, allowing individualised tracheostomy tubes to be fashioned. While this is not so useful acutely, it can be used once the patient is stabilised, to facilitate weaning from the ventilator.
Conclusion
We present an increasingly common problem facing the intensive care physician: safely securing the airway in a morbidly obese patient to aid weaning from mechanical ventilation. Anatomical challenges can make placement of a tracheostomy problematic. Due to low respiratory reserve in these patients, complications related to tracheostomy may rapidly become catastrophic. After failure of a conventional tracheostomy tube, the placement of a shortened ET tube as a tracheostomy tube allowed sufficient length for correct positioning in our patient. The adjustable flange from a tracheostomy kit provided an effective way to secure the tube in place. Further work is required to develop commercially available tracheostomy tubes that are suitable for the morbidly obese. 
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